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Pagadensa, falifornia
July 18, 1%9&%

¥r. N. C. Grover
Chief Hydresulic Engincer
U.8. Geological Survey
Washingicn, D. C.
Dear Sir:
To comply with instructions contained in your
letters of March z, 1927 to Wr. E. C. LsRue and July lz,

1927 to me, I am submitiing herewith & report on the sub-

ject of the probable future stages of Salton Sea.

Purpose and Scope of Report:

In response to & petition filed by the water users
of Imperisl Valley, on Rerch 10, 1924, Public Wetier Reserve
No. 90 wes creetiec. The purpose of this reserve was to pre-
vent settlement of the vacant government lands closely
bordering on the shores of Saltoﬁ Sez. The setilement and
sttempt to farm these lands had been & source of frouble
to the Imperizl Valley Irrigation District at those times
when thne fluctuations of the lake level interfered with the
operetions of the farmers. The purpose of this report is
to determine, by & study of conditions in Imperiel Velley
as they sre today and are likely to be in the future, the
probutle future stzges of Saltion Sez. {pon such stages will

depend the advisability ol enlarging, diminishing or retain-



ing ce¢ originzlly mace, the bounderies of the Public Waﬁer
Reserve No. 90.

The sclution of this problem Involves an estimete
of the acreage expected ultimately to be irrigated in the
Imperiel Velley with water from the Colorade River. It
elso involves the cuestion of duty of water, drainage of
lands, evaporetion from the lake surface, etc. Although
the opinions of engineers differ somewhat on these points,
the velues used in the computetions upon which the con-
clusions of this report are based are accepteble to E. C.

LaRue, to whom this problem was originally assigned.

Brief History of Salton Sea:

There are historiczl records of the existznce
of a body of waiter in the Selton Sink at intervals of &
few years for & long perioc¢ Tefore the begimning of irrigs-
tion in the Imperial Valley. These intermittent bodies of
weter could only come from two sources: natural run-off {rom
the mountzins to the west and northwest, or the overflow from
the flood wzters of the Colorsdo River. Rhatever the
gource, in the absence of a continuous inflow, the lakes
thus formed soon evzporatec.

It was not until the summer of 1905 that the
Salton Ses as we ¥now 1t today came into being. In thst
year the Coloradc River left its old channel leading to the

Culf of Galifornis end for nesrly itwo years, or until
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Februery, 1907 flowed into the Selton bagin. After =
strenuous fight and the expenditure ol an enormous sum of
money, the river wes finzlly turned bzck toward the Gulf.

The ses thus created covered an area ol azbout
230,000 ecres and was apout 79 feet deep over the lowest
point of the basin. In other words, the water rose to
elevation -~ 195.

For & long period of years after the bresk in the
Colorado wes closed. the ennuel evaporation from the surface
of the lake grestly exceeded the inflow from all sources and the
dimeneions of this remarkable body of water graduslly
diminisghed, until &t the beginning of the yeer 1920 we find
the water surface at about elevation -~ 249. From January,
1920, until late in 1926 this level has been maintained with

smell variztion. See Exhibit 1 for hydrograph of ieke levels.

Geges zné Gepe Heighty Records:

Geges have been maintained in Salton Sea 2t one
place or another since the water first began to zccumulate
there in November, 1904. In all some & or 10 gages have been
read. Some of these recorded depths sbove the bottom .of the
aez. Others were inverted and read elevations below sea
level. Records heve been collected by the U. S. Geological
Survey, the Southern Pacific Railroad Co. and the Imperizl
Irrigetion District.

Discrepancies have been observed in the elevetion
of the detum plenes of these varioas geges. Tor this reason,

the gege heights have not been published since 1918.
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In 1923, Wr. F. C. Ebert, Hydraulic Engineer, #.8.G.8., made &
field investigation end reported ihe result of his study of
this problem to Mr. #cGlashan, District Englneer at San Francisco.
On the basis of Wr. Ebert's report the published and unpublished
gage height Tecords heve been corrected and are presented
herewith in the Torm of & hydrograph (Exhibit I).

This hydrograph is mosily a record of gage heights
obtained by the Southern Faeific reilroadé from gages on the
ezst shore of the ses nesr the stetion of Durmid. TFrom May,
1921, to date the Imperial Irrigation District hes kept a
record of the stege of the water in the sea at widely
divergent points along the shore. Thneir record up to the
end of 1923, taken at the south end of the sea, is besed
upon & U.S.R.S. bench merk at Nilend. Through 1G24 and
pert of 1925 they read & gazge opposite Szlton wnich was
based upon & [.S5.G.S8. bench mark &t Montmere station of
the Southern Pacific. From Jily, 1925 to date their —— \AT5 ng‘( re o
record wae teken at Fig Tree John's Spring, on the north-
west shore of the sea, and this is 2lso based uﬁon 1
J.8.G.5. bench mark.

The irrigetion district record is shown on the
hydrograph #s a dotted line. Except during the summers
of 1923, -24 snd 25, it perellels the 5. P. record rather
upiformly but indicutes a stage ebout one-half foot lower.
During those periods excepted above, it drops belos the

S, P. record by ez much s £ Teet.

Paeiry



On mev 13, 1921, the present Southern Fecific
gage wee established with zero a2t sea level. The corrected
reeding from the preceding gepe indicates & stege, on
Merch 31, 2.3 feet lower than that of the new gzge on
May 12, 2.3 feet at this stage of the ses is equivalent
te nesrly AO0,0QO acre-feet of water. The winter and
spring of 1921 was z period of defiecient reinfall, so
there could have been no storm water entering the sea.

The inflew from New and Alsmo rivers from Mzreh 31 ic

May 13 was about 75,000 acre-feet. Assuming that the

old gage record hes been correctly adjusted on the basis

of its original detum, & possible explanation of tihe
feilure of the records to mateh up at this point is thet
the 0ld gege was becoming loose and gradually rising

under the effect of weve sction for some time before it
finally failed. If this theory is correct, the dashed

line from Dec. 1, 1920 to May 13, 1921, probably represents
the approximate water stage.

4 piecture of the present Southern Poecific gage

is shown on page five &.
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Southern Paocifioc gage in Salton Bea
near Dﬁrmid, Oslifornia. April, 1log7,
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Topogrenhy of Dreinage Basin:

17 the Colorado River be left ouil ol consider-
etbion, the basin whose drzinzge is tributory tc Salton
Ses is not lerpe. 1%t consigts of ebout 7,500 szquare miles
znd lies mostly north of the jnternstionsl boundary line.
There are perhaps 1000 square miles in Lower Celifornia
whose dreinage flows toward the Salton Ses. See map of
bagin, EBrhibit II, in poczet.

The ceniral portion of the south helf of tiis
basin constitutes the ares xnown us the Imperial Velley.
it is a brosd, flai alluvizl plain, a deposit of Colorado
River silt of vast depth. 1%t is the north nzif of the snclent
Coloredo River delts cone. The northerly slope of these
lends south of the internationnl boundary line is slight,
sbout 1} feet to the mile. North of Heber, which is some
four or five miles within the United States, the slope
incresses 1o © or 7 feet to the mile. On either side of
the improved portion of Imperial Velley are found mesa
lands of a more sendy texture, which constituie albout
75% of the additional lands to be irrigated by the proposed
All-American Canal. The eagt mesa terminates on iis
susterly edge in & ridge of wind blown sanc hille which:
sTe the chief obstacle to the constraclion of the A11-
ftmerican Canal. On the west side of the valley the nesu
lepds merge iato foothills whiech calminate in the dividing
ridge between Salton Zegin snd Fucilic Cosst dréinage at

en elevation of 5000 feet zbove sen level.



The poriion of the besin lying north of Salton
Sea is & region of great relief. The Whitewater River 1s tbé
mein stem of the drainage system here. This stream has its
hesd on Mount Sen Gorgonio, over 11,000 feet ahove sea level,
end discharges its floods of snow water into Salton Sea at
250 feet below sea level. The total length of this inter-
mittent stream is about 70 miles, and it drops from its
source to sea level in a distance of about 50 miles.

About twenty miles south of Mt. San Gorgonio 1is
another high peak, Mt. San Jacinto, slightly Jess than 11,000
feet bigh. Between these two mountzins lies San Gorgonio
Puss, sometimes called Beaumont Pass, tbrough which most
of the railrozd and highway traffic between the valley and
the cosst region passes. The fown of Beaumont is &t the
sumrit of this pess at elevation 2600 feet.

On the fldor of the velley near the norih end of
Salton Sea lies the region known as Coschella Valley. Some
of this land is irrigated todey from wells, and there are
nearly 100,000 scres here, lying mostly below sea level,
most of which could be irrigeted by gravity under the All-
American Canel project.

Exhibit TII is & profile nlong the center of
Imperizl and Couchella Velleys and the Salton Sen. 1% shows
in a graphic manner the time"required to floocd the various
towns in the valieys, should the Colorado River flow un-

checked into the Salion See.
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Precipitation and Hun-C0ff

Selton Basin is pre-eminently e desert reglon.
Precipiiation records, sxtending beck 50 years et two
stetions within +the basin, indicate & mean apnual rain-
fall of 2.24 inches in one case (&%t Sterling, formerly
Memmoth Tenk) ané of 2.81 inches in the other (et Indio).
Individual yeers in these records range from & trace to
over seven inches. Most of the rainfall comes io the
winter months, from December to March inclusive, although
oceaslonelly heavy downpours of cloudburst intensity may
oceur in the summer months.

The principal inflow to Szlton Ses from precipi-
tation within the bsein comes from the high westerly rim
of the basin. Winter storms paszing inlsnd from the
Pecific Cosst produce a heavy rain and snowfall in these
mountains, snose highest peaks are frequently covered with
snow until late in the Spring.

In studying precipitation rscords within the
Salton Basin, four or five stations have been seslected as
being representztive of the two regions sbove described.
On the flcor of the basin, Indlo is located near the north
end of Salton Sea, and Sterling or Brawlsy records have
been used to iadicate the precipitation at the southerly
end. The station at Cuyameca, on the rim of the besin
in 8an Diege County at elevation 4677 feet, gives a fair

measure of the rain fzll in thet region. Besumont, at



elevetion 2558, is located on the divide near the North-
westerly end of the basin.

Due to the ebsence of records of discharge of
the streams draining the westerly rim of Salton Businm, it
igs not possible to cbtain a correlation between precipita~
tion and run-off. The best that can be done is to study
the effect on the level of Salton Sez of the outstanding
storms of the period of record.

Congidering the mountain stations, the records
jndicate that Jenusry, 1316, wee the "wettest month" in
the psricd of foriy years during which these stztions were
kept. In that month 16.1%6 inches sre recorded &%t Beaumount
and 26.50 incher for Cuyamsca. In each case the figures
are within two cr three inches of the mean annusl precipi-
tation for the station. Indio received 3.53 inches, which
is more than the mesn ennusl. The rainfall in the south
end of the velley was not so great. The sitorms of this
pericd were responsible for the great [loods in Southern
Celifornis which are describsd in Water Supply Paper 426.

The effect of thig unusually stormymonth on
Salton Ses is indiceted in the hydrograph. For the first
time since ihe sem began to recede in February, 1907, the
water level rose again. The gage record indiestes a rise
of .6 of & foot and this stere was neintained until the
middle of the following March. Without this neturzl inflow,
the excess of evaporation over the amount of waste into the

sez from Imperizl Valley would have hud the effect of



lowering the sea zbout .9 of & foot during this period.
Hence 2 total of about 1.5 feetl over the ares of the sea
may be sttributed to the storms of Januery, 1916. At the
stage of the sea a% that time (--237), this is equivalent
to an inflow of about 330,000 ecre-feet.
The precipitation in the months of Februery and
Mareh, 1916, was very light. If the storms of Junuary had
been fpllowed by & continuation of heavy rainfall in those
months, as might easily heppen in & wet cycle in Southern
Califorqiﬁ, the totul inflow of storm water to Szlton Ses L5

might have reached 500,000 acre-feet. In estimating possible ég‘“
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future stages of the sea, thut figure will be used as the

maximum contribution llkely to be received from storm run-off.

Cheracter and Velue of Lands Bordering Salton Sea:

The lands bordering closely upon tie present shore
line of Salton Sez vary somewhat in texture at opposite ends
of the sea. Those at the north end, in Cozchella Valley,
while probably coming under the clessificatiorn of silt loam,
sre inclined to be somewhzt more sendy than at the southerly
end of the sez. The low lying bottom lands in the center of
Coachella Vslley are heavily impregneted with alkaline salts,
and caanot be used for growing crops until dralnage has been
provided ané the salt content lowersd by lesching. For lands
lying but slightly ezbove and on bthe immediste shore of the
sea, this process of reclamation might prove difficult be-
cause of the nearnesy to the surfece of the permanent ground

weter level. Lands lying near the north end of Szltion Sea
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nave no asgrienltursl velue now, ana bat smell groepect of
ever belng reclaimec.

For & distence of about 20 miles, the Southern
szeifie Reilroed psrallels the northeast shore of the ses
at en elsvetiorn slightly more than 50 feet above thn wresent
weter level. The strip betwxeen sez and railrosd will average
& little over one-helf mils in width. The lower portion of
the strip is selty but the higher lands appexr to be well
drained and rether sandy in texture. The sodtherly znd of
the strip is bedly cut up with omall washes. The Imperial
Velley - Coechella Velley high line ecanal survey passes above
this land, but &t & distance varylng frow = to 7 miles away.
Beczuse of the high cost of bringing water to tils relatively
smell acreage, it 1s not likely that this land will ever be
irrigated.

The west shore of Salton Sez ig somewhut flatter in
slope thun the east, and has several bodies df greble lands,
situzted mostly above the —— 200 foot contour. The -- 220 feot
contour is ever ywhere well below these lanés. From the water
level up some 15 or 20 feet the lands are guite sulty and
unsuiteble for reclamation. On page 14, is shown & picture
of this shore of the see opposite TFig Tree John's Spring.

The boundery of 4he Imperizl lrrigetion Listrict
roughly follows the southessterly shore of the Sselton bea
for sbout twenty miles. The land nere is generally a heavy
silt or c¢lay loam and has & slope toward the sea ol about

10 feet per mile. Close to the waer's edge the slope is
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less, probebly 5 or 7 feet to the mile. Here also the lands
bordering the ses are guite sslty, so much so that large
patches, acres in extent, are absolutely bare. About the
only thing that does grow here is a kind of ssli-resistant
brush.

4lamo and New Rivers enter the Salton Sea & few
miles apert in this region. These streams, like the Colorado
River itself, are heavily silt-laden and are ezch doing, on
& minlature scale, what the parent stream has done for ages -
building & delte &t its mouth. These rivers flow in well-
defined cut channels until they reach sbout elevation ~- 240,
& couple miles from the sea. Here the delta bullding begins,
and the streams have & tendency to spread out and swing from
side to side, dropping the silt load upon the old salt-impreg-
nated ses bottom. Thus, in recent years, at the mouths of
these rivers a limited area of good soil has been built up.
As the streams have recently been confined to dredged channels
leading to the sea between dikes, it is expected that the buil£m
up areas may soon become dry enough for farming operations.
The areas close to the mouths of the rivers constitute the only
lands nesr the Salton See that may be profitably farmed in the near
future. The pictures on page 13, show the dredged channel of
New River near the common corner of Sections 9, 10, 15 and 16,
T. 12 S., K. 12 E. That on page 14, is the Alamo fiver dredged
channel in 8g¢c. 17, T. 11 8., R. 13 E.

Every alternate section of land (the odd-numbered sec-

tionsg) in the bottom of the Sslton Sea and around its border are

ovned by the Southern Yacific Company.
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. Dredged ohannel of Alamo River near
its mouth. May, 1927,
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The submerged lendis of course worthless at this time.
"It is assessed &t $50 per squere mile, just to held it on
the County Assesgor's books.  Privately owned lande
bordering on Szlton Sea are absolutely worthless, from an
agricultural point of view. On a 50 perceat of valuastion
bagis, they are assessed st frow §1 to $3 per scre. £
little farther back from tkhe shore, but still below
contour ~- 240, the assessments run from $5 to $10 per
acre. Near the mouth of Alamo River there is & small
acreage at this elevation that is assessed at $25 per
acre. Between contours -- 240 and -- 230, values run
somewhat higher, assessments renging generally from $10
to $30 per acre within the irrigation district, with a
few tracts placed at figures above and below those limits.
There is very little land in this belt that is being farmed
today.

Between contours -- 230 and -~ 220, we begin to
find eonsidersble farm land which is assessed at $40 to
$60 per acre. The best land in this belt lies in the
8-mile stretch of country between the New and Alamo Rlvers.
All asseésments guoted bere are said by the County Assessor
to be upon & 50% of valuation basis.

Southern Pacifle Company Lands:

On June 22, 1916, the Southern Paclfle Land Company
entered into an agreement with the Imperial Irrigation District,

granting to the district a flowage right-of-way over certain
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Southern Pacific lands in and around the then existing Salton
Sea, for the purpese of storing end evaporating the waste
water from the Imperial Valley irrigation system. The
contract, with description of lands excluded, is presented

below. ,

THIS INDENTURE made this 22nd day of June, 1916,
by end between the SOUTHERN PACIFIC LAND COMPANY, a corpora-
tion organized under the lawe of the State of California,
party of the first part, send IMPERTAL IRRIGATION DISTRICT,
an irrigatlon district organized under the laws of the State
of Califormia, party of the second part,

WITNESSETH;

That, pursuaﬁt to the terms of that certein agree-
ment between the Southern Facific Company, & corporaticn,
and Imperial Irrigation District, dated December 28th, 1915,
the party of the first part does hereby grant dnto the party
of the second part the right and easement to flow any excess
water from the irrigation system used for the irrigation of
the region known as the "Imperial Valley" over and upon the
following described lands of the partyof the first part:

(Legal description of lends omitted)
Provided, tnat this right and eesement shall not be construed
to permit the said party of the second part tooverflow any
of the lands of the perty of the first part, not now submerged
by the waters of the so-celled Salton Sea znd lying sbove a

contour line 238 feet below the sea level; and provided,
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further, thet ss the level of ssi¢ Salton Sea may be lowered
by reason of the excess of eveporation over the normal inflow
of waters, and the water thereby caused to recede from any
additionzl lanés of the party of the first part, all such lands
lying three feet above the highest level of water in seid sea
during any celendar yesr shell thersafter be frée from tke
said eesement of overflow end thereafter it shzll be the

duty of the party of the second pert to so regulate the
inflow of waste waters from its irrigstion cenals and

ditches into the Salton Yes thzt there shall be no resubmer-
gence, except as above provided, of such lands of the party
of the first part from which, by the due netursl process of
excess of eveporation over inflow of water, the wdters of
said Selton Sea shall have receded; and provided, further,
that nothing herein contsined shall be teken to prejudice

or affect any right which the party of the first part might
otherwise have to use waste water from said irrigastion
gyster of the party of the second part..

IN WITNESS WHEREQF the part of the first part has,
by its officers therunto duly suthorized, hereunto signed its
corporate name and affixed its corporate seal sll on the day
and year first above written.

SOUTHERN PACIFIC LAND COMPANY.

(Signed) By — ®. Sproule - President.

ifx
t
Je=
o

(Signed) By - G. S. King - Secretary.

It will be noted that the contrsct provides that the
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irrigation district shall not be permitted to overflow any
of the Company lands no%t then submerged, end lying above

a contour line 238 feet below ses level. As a metter of
fact, the corrected gege heights indicate that the water
stood at ebout elevation --235 at the time the easement

wag given, or three feet higher than the contour mentioned.
However, the first part of the clause iﬁdicates that the
intent was only to limit the elevation to that st which the
‘sea then stood, lrrespective of datum planes.

The contract furthér provided that, &s the water
surface receded, the highest stage in any celendar yesr
became & basis from which to estimste the stage to which
the water should be permitted to rise at any time subsequent
to that year. That is, all lands lying 3 feet or more above
the lowest maximum stage of any cslendar yesr were thereafter
relessed from this flowage right-of-way, and the limiting
stage for the water of the sea thus bescame automatically
‘reduced to an elevation lower than the original — 235 feet.

The following quotation is from a letter to Mr.
LaRue from B. A. McAllaster, Lend Commissioner for tue
Southern Pacific Company, dated April 29, 1927.

"The record maintained by the Digtrict showing the
plevation of water in the Szlton Sea from month to month dur-
ing the period which has elapsed since 1916 shows that during
the calendar year 1925 the highest elevation atteined by the
waters of Salton Ses was 249.6 feet below sea level, there-
fore the highest level now permitted under the agreement would
be 246.6 feet below ses level.

A1l those lands described in ssid agreement lying

above the contour —-- 246.6 feet have become free of any
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obligation resting upon said agreement.

The level on April 1, 1927 was -~ 246.7 feet
or within one-tenth of 2 faot from the limit.

We would seriously object to any plens for
incressing the level of Salton Sea above the contour 246.6
feet below sez level above mentioned."

Reference to the hydrograph of the sea (Exhibit 1)
revesls that in 1925 the Southern Pacific gage recorded a
maximum elevation of -~ 248.0, instesd of -— 249.6. The seme
gage in 1922 gave a maximum stage of -~ 248.5, which would |
place the upper 1limit of the easement st -- 245.5, instead of
- 246.6. This gage on April 1, 1927, read -~ 246.0, zllowing
.5 foot leeway instead of .1 &s in the above quotation. The
contract appears to be weak in not specifying the gage and
datum by which the stage of the sez shall be determined.

It is readily seen that this contraect willl prove an
impediment to the Imperial Irrigetion District if future growth
of the acresge irrigated should make it necesseary to waste
more water into Sslton Sea than at present. During the
last two yveers the district and the railroad Company have
given this problem some congideration. It has heen tenta-
tively proposed that the district buy the lands affected
from the railroad Compsny. Another suggestion was that the
Company accept other government lands of ecual value in lieu
of the BSelton Ses lends affected. In elther case, the irriga-
tion district would have to secure a flowage right-of-way

from the Interior Department, the only difference being in
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the extent of the lends affected by such right-of-way.
The chief obstacle in the way of settling this Southern
Pacifiec land problem seems to be a difference of opinion
as to the value of the lands.

Irripgetion Digtrict Problems affecting Salton Sea:

The Imperial Irrigation Vistrict, by reason of
its location &t a considerable distance from the source of
water supply, and also becazuse of the silty character of
its water, has problems of operation and maintenance that
are not usually encountered in irrigation projects in the
United States.

The length of the Alamo Canal, from the point of
diversion to Sherps Heading at the Internsational Boundary
Line is about 50 miles. From this point to the lower end
of the East High Line or the West Side Main Canal is over
50 mlles. BSome of the water deliveries under the present
system are made at distances well over 100 miles from the
point of diversion, and a time interval of as much as two
and one-half days is reguired for this water to pass from
the Colorado River to the land. With the extemsion of the
system made possible by the construction of the A4ll-
fmerican Canal, the exireme limit of the canal into
Coachells Valley will be about 180 miles from the Colorado
River at baguns Dam.

This great length of the gystem, and the fact that
it isg usually considered necessary to be able to deliver

wat=r to the farmer on less then twenty-four hours notics,
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recuires a lerge flow of water to be maintained in the
canals at all times. Thus it becomes necessary at times to
waste considersble water from the system. The New and
ilsmo Rivers are admirably situsted in the valley to re-
ceive and cerry off this weste water. However, it has

been necessary to construct some 600 miles of waste

ditches to carry the water to these naturzl channels.

The greatest problem in the operation of the Im-
perial canzl system undoubtéﬂly arises from the high silt
content of the water. Trouble from this source begins at
the very head of the system and is always present, even
dovn to the point where the waste water enters Salton Sesa.

The diversion works at Hanlon Heading were com~-
structed without any provision for de-silting the water.
Conseguently, the Cansls, flowing at moderate velocitles,
have a constant tendency to drop the silt to the bottom.
Thus the capacity of the canals becomes less and the
water surface tends to rise, at times even to the danger
point of over~flowing and breaking the bsnks. The bed
load of sund snd heavy silt in the main cansls varies
with the flow, and can be somewhat controlled by sluicing
with a large head of water. This is true throughout the
systeun, znd it is the sluicing operations in .the canails
that is chiefly responsible for the large proportion of
waste water from the system.

In all there are some <,600 miles of canals, waste

ditches and drains in Imperial Velley. If placed end to
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end, they would reach from Los Angeles io New York and on
out %o the east end of Long Island. Sluleing does not
completely solve the silt problem. A vast eguipment of
dredges of various kinds is mainteined to clean out the
canals. During the years 1923 and 1924, over 2400 miles

of Canals were dredged in the valley. Leaving out the
dreins, which flow clear water, this mezns tha? practically
every mile of the entire system was maintained by dredging
during thet two year perloed.

Included in the system are some 134 miles of dead-
end laterals. These can only be cleaned by shoveling, which
is the most expensive kind of maintenance. This expense
can only be reduced by providing outlets to these canals and
resorting to slulcing.

At several places in its passage to Salton Sea this
accunulation of waste water encounters & drop which mekes
possible the development of power. The irrigation district
is planning the installation of power plants at these polints.

In a preliminary report, the Chief Engineer of the

district estimates thet 3100 horsepower could be developed

e T /

sitas dam
No. 8 heading,) The officials of the district state that

at three plants to be located ai

i1t is their intentlon to use only the natural and necessary
waste water for ithis purpose, snd that this development of
power will not result in an increase in the amount of water
diverted from the Colorado River.

In connection with the subject of waste water, I wish

-2 -



to quote from a letter to Mr. Lakue from ¥r. K. J. Dowd,
Chief Engineer and General Superintendent of the Imperial

Irrigation District, dated May 3, 1927.

"] know & pood msny have the impression that we
are wasting excess water in order to meintain the sea at
a higher level but this is not true and I emphatically
wish to stzte that st no time during my connection with
District operztions have we ever diverted a second foot
from the Colorado River for the purpose of either main-
taining or raising the elevation of Selton Sea. The
opposite is true as I have stated, and we have found it
necessary to curteil our waste to some extent in order
that we not railse the sea.

45 previcusly mentioned, in our proposed plans for
power development we do not anticipate diverting
additional water for power purposes but will utilize
only the necessary waste and canal flow as now exist.

As further evidence of this, we are planning on a stand-
by plant which will be capable of carrying the power load
if no water is svalleble for the hydro plants.

Surely as a result of your study of the Colorado
River and its silt characteristics you can apprecisate
our problem of controlling the flow in our canals and
properly maintaining them to glve satisfactory service.
The action of bed sand in our major cenals is most
troublesome and fluctuations of as much as seven and
eight hundred second feet have been noted from this
ceuse in the Alemo Canel, meking it necesszry to have
available considerable regulatory waste. Also over &
large part of our system it would not be economically
feasible to maintzin an adequate flow without sluicing
and when it is borne in mind that we have come 2600
miles of canals it must be appreciasted that considerable
water is necessesry for this purpose.

One other fecior, isg the length of our canals,
It reguiring as much zs two and one-half days for water
to resch certein points from Hanlon Heading so that
combined with the shicing water there must be an amount
available in oréer to give quick delivery when needed.

I mention these points in view of the existing
belief in certain parts, as I have slready mentioned, .
that the District is unnecessarily wasting water and in
order to impress upen you that any curtailment would mean
inefficient control and izproper meintenance of our canais."
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Use of Water ip Imperial Vellev:

The Imperial Irrigatlon District and its predecessor,
the California Developmeni Company, have kept records of the
water diverted and the use to which it was put for many years.
A summary of the wster rscords, together with weather and crop
deta, are published in the 1924 annusl report of the Chief
Engineer of the district. These date go back to the year
1912 and have been brought down to include ithe records for the
year 19206, so that m view of the water situstion in the valley
over & 15 year periocd is presented. The record is presented'
in the form of a hydrograph (See Exhibit IV in pocket). This
shows the water delivered, water wasted and water lost (Canal
losses by evaporation, seepage, etc.) and the totzl of these
three asgquals the total annual diversion from the river.

On Jenuary 1, 1923, & change was inaugurated in the
method of keeping these records. Previous to that date the
water delivered, wasied and lost was based upon deliveries
to the Mutual Wzter Companies at their headgztes, therefore up
to that time the weter delivered includes the loss and wastage
from the lateral systems. On November 1, 1922 the water companies
went out of exlstence and ithelr duties were taken over by the
irrigation district. Deliveries were then made directly te
the fermer and the water records from Jun. 1, 1923 to Dec. 31, 1926,
present a true picture of the use of water by the system as &
whole during that pericd. |

The following %table has bhsen prepared, computed from

the records as published. It therefore mugt be studied with
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the above explanetion of the meening of the records kept in

pind:
Use of Water in Imperisl Vealley,
United States and Mexico,
in Acre-feet per Acre Irrigsted.
Water Water Water Canal

Year Diverted Delivered#* Wasted# Losses#
1912 5.93 3.77 1.12 1.03
1913 6.04 4.05 .93 1.07
1914 5.88 Le12 /A 1.01
1915 5.7 3.8%7 sl 1.14
1916 5.76 3.83 .93 1.00
1917 5.583 3.86 .80 .B6
1918 5.66 3.93 .80 .93
1919 4.86 3.53 .89 43
1920 5.13 3.4 1.28 A0
1921 PR 3.40 1.16 .20
1922 5.13 3.79 1.07 27
Mean 5.49 2.80 .95 ' .76
1923 6.18 .89 2.25 1.04
1924 5.66 3.06 1.38) 1.22
1925 5.38 3.03 1.53)Mean 2
1926 5.66 3.31 1.56) 1.49 79
Mean 5,72 3.07 1.68 .97

*Note mFFrom 1912 to 1922 water delivered, wasted and lost
ls based upon deliveries to the Mutual Weter Companies st their
headgates, and the water wasted and lost applies to main
canal system only. From 1923 to 1926, deliveries were made
te the grower, and the weter wasted and lost epplies to the
entlre system.

The average amount of water delivered to the mutuel
water companies from 1912 to 1922 was 3.80 acre-feet per
scre drrigated. From 1923 to 1926, the average amount delivered

to the growers was 3.07 acre~feet per acre. The difference of
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.73 acre-feet per acre mey be attributed to canal losses &nd
weater wasted from the distribution systems of the mutual water
companies.

The Cenal losses, from the mein canal system only,
from 1912 to 1922 averaged .76 acre~foot per acre;, while from
1923 to 1926 it was .97 acre-feet per mcre from the entire
gyetem, The difference ig .zl scre-feet per acre, which
represents the losses in the distribution system. There-
fore, .73 minus .21, or .52 acre-feet per ecre represents
the aversge smount of water wasted from the distribution
systems of the Mutual Weter Companies.

The average wasted water from the main canale for
the period 19172 to 1922 was .95 amcre-feet per amcre, and the
average wasted water from the entire system should be repre-
sented by .95 plus .52 or 1.47 acre-feet per acre for the
period 1912 o 1922 inclusive.

It will be noted that the column for canal losses
doeg not appear to be &s uniform as might be expected. It
is evidently obtained by subtracting the water delivered plus
the water wasted from the total amount diverted. The diver-
gion end the deliveries are measured quantities but the water
wasted is an estimate and therefore probably subject to a
greeter percentege of error. Any error in this column would
cause an equel error, but of opposite elgebrsic sign, in the
column of canal losses. The leter records, from 1919 1o

1926, are known to be the more sccurate. Therefore the values



for vweter wasted previous to 1919 are probebly toco low,
rroducing & correspondingly too high value for censl losses
during those years. However, the reletion between these two
columns is such that eny correction applied to one involves such
& corresponding correction in the other that, when used in
the above computation, the effect is compensating 4and the final
result is not changed. This faet is shown algebreically as
follows:
Let D equal mverage delivery from entire gystem.
4 egual average delivery from main cenals.
W equal sverage waste from entire system.
w equal average waste from maln canals.
I equel averuge loss from entlre system.
1 equel sverage loss from mzin canals.
Then (W-w) equals waste from laterals
and ({L-1) equals loss from leaterals.
(W-w) £ (L-1)
(a-p) £ (wf1) - L

(wt1) represents sum of waste and logs from main cansl system.

Therefore (d-D)

i

and w

it

If the estimate of waste in any yesr should be incressed, the
value in the canal loss column will be correspondingly reduced
and the sum of the two velues (wfl) does not change.

Therefore W = .73 £ 1.71 - .97

W :1147
The flow of the Colorado River in the summer of 1923
was unusually steady. During the three low water months of

August, September and QOctober the river discharged over
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3,500,000 scre-feet, and the lowest month (October) yielded
734,000 acre-feet as asgalnst 240,000 scre-feet in 1922 and
184,000 scre-feet in 1924. As & result of this condition there
wes & plentiful supply of water all through the year 1923 for
csnal regulstion and sluicing, and the total amount of water
wasted from the canal system that yezr was abnormally high.
Eliminsting 1923, the aversge value of the water wasted {rom
the entire system since the district began making deliveries
directly to the grower 1g 1.49 ecre-Teet per acre, whith is
very slightly more than the aversge figure for that value &s
computed above through the period 1912 to 1922. It is
believed that 1.5 acre-feet per scre 1s & good average value
to use in estimeting the smount of weter that is likely to

be wested from the system of the Imperizl Vslley Cenals.

The lzrgest sres ever irrigateé in Imperiel Valley,
on both gides of the internutional boundary, was 603,000 acres,
in the yesr 1920. Since that year, ihe irrigated ares has
renged from 530,000 ecres to 586,000 acres, and has averaged
sbout 550,000 acres. This is only sbout one-half of the total
irrlgeble sree thet may be placed under ditch when the All--
American Canal 1s congtructed.

The following teble shows the acreage that may ulti-

metely be expected to be irrigasted in the Imperial Velley:
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Acres

Inperial Irrigstion District (as in 1927) 515,000
Fast Mess 170,000
West Mesa 120,000
Coechells Vzlley 28,000
Total in United Ststies 903,000

In Mexico £53,000
Totel: 1,156,000

The 603,000 scres irrigeted in 1920 consiituted about
79% of the then irrigable ares. The aversge arez of 550,000
ecres irrigeted since that year amounts to about 72% of the
irrigable ares. It seems reseonable to assume that, under
future conditions, 80 percent of the land under ditch might
be irrigated esch year. 80% of 1,156,000 acres is 925,000 acres.

It is to be expected that the consiruction of the All-
fmerican Cansl and the extenslon of the system will modify the
operating problems of the system to some extent. However, the
enlarged system &nd the great length of some of the new main
canals willl still require a large amount of water tc be wasted
in cansl regulation.

The Yuma project, diverting at Lagune Dem, is able
to eliminate about half the silt from the waier entering its
cenal system. Their muximum cansl flow is only 1200 second-
feet, ano the nearness of their lands permit a weekly shut-down
of the cansl headgates to fzcilitete sluicing oui the de-silting
basins. Should the All-American Canal be constructed, the

diversion at Laguns Dam would be increased about 9-fold, or to

- 29 -



10,600 second-feet. There is consicerable doubt whether de-
silting operations upon such & lerge scale would be as
efficacious as &t present. It is recognized that storage of
Colorado River waiter wlll remove the silt at the reserveir,
but it is belleved that for many years the streaﬁ will pick
up & new burden of silt from the deposits in the channel
between the reservelir endéd the point of diversion. Possibly
the silt problem in the All-American Canal system will still
require the use of considersble waste water for canal sluicing.
Vater used for this purpose would ultimestely find its way
into S=lton Sea.

With the All-American Canal in operation, the Imperial
Irrigation Listrict will no longer have any control over the
Canal system serving the Mexican lands. Considerable waste
water from these lands will undoubtedly flow down New River into
Salton Sea for meny years io come.

For the reaszons enumerated sbove, it does not seem likely
that there will be a very grest reduction in the amount of
waste water entering Salton Sea, per acre of land irrigated;
Therefore, the value of 1.5 acre-feet per acre, which has been
shown to be wasted under present conditions, ls assumed to
represent the amount of water thaet it will be necessary to
wagte into Salton See under conditions of future development.
With an average aree of 325,000 acres irrigated, this
assumption indicates that about 1,387,000 zcre-feet of water

mey be expected to be wagted inteo Selton Sea annuelly.
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Evaporstion:

In 1909 and 1910, the U.S3. Weather Buresu studied
evaporetion at stetions located 2t seversl points in Seltcen
Beein, eg well ag &t other points in the United States. The
purpose of this investigetion was to determine & general
formule for eveporetion under any &né all conditions of
temperature, altitude, humidity, wind wvelocity, etec. To
obtein & practical check on one of the co-efficlents used
in the formules adopted, the result by the formuls was compared
with the computed evaporation from Jalton Sea besed upon change
of stege end mecsured inflow and reinfall. This data, cbtained
by co-operetion with the U.8. Geological Survey, for the year
June 1, 1909 to June 1, 1910, indicated an evaporastion ffom the
sea during that period of 5.75 feet.

In Water Supply Peper 395, page 142, an estimate is
made of the amount of eveporatlon thet took place from the sur-
face of Salton Seaz during the seven year period 1807 to 1913
inclusive. The result of this study indicates an average annuzal
evaporation from the sea of 5.8 feet. Assuming as correct this
value for the rate of eveporation, in order to evaporate the
1,387,000 acre-feet of water which it has been estimated may
ultimately be wasted into Salton Sea annually, the area of the
surface exposed would heve to averzge about 239,000 acres.

This area ie found a2t elevation -~ 228. S38e srez and cepacity
curves of Selton Sea, Exhibit V.

During the period 1920 to 1926 the evaporation from the
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Selton See prectically belanced the inflow from sll sources,
and the veriaticn in the stage of the water was limited to =
range of about 23 feet. Luring the winter of 1926-1927, the
sea rose about 3 feet, reaching & higher stuage than it had known
since 1919. The capscity curve of the sea, for & renge of 3
feet at this stage indicetes 2 gain of about 500,000 acre-feet
of water. A large part of this ié‘of course due to the ususl
upward trend of the graph during the winter months, when the
continued steady inflow from Alesmo and New Rivers exceeds the
reduced evaporation. However, there.was & large inflow of
storm water in Dec. 1926 and agein in Februery 1927, and the
unusual stage of the sea in the spring of 1927 must be
attributed chiefly to this fact.

In diecussing precipitation end run-off within the
Selton Besin, it wzs estimated that 500,000 acre-feet of storm
water might flow into Salton Sea in 2 very wet Qinter. If under
future conditions it should be necessary to hold the ses at
an average gtage of ~- 228 tc evsporate the waste water from
Imperial Vailey, it is very possible that a storm inflow of

500,000 acre-feet might occur at a time when the water level

was above the averéé;: say &t --227 or — 226, A% fﬁat stegpe
of the sea, a flcod of that magnitude woulcd reise the water
about two feet, or say to elevetion -- 225 or — 2Z/4.

%With the surface of Salton Sea continuously at or near
elevetion -~ 228, snd the possibility azlways present of a higher

stage, up to elevation ~- 425 or -~ 224, the business of farming



along the shores of the sez would be very uncertzin. It

ig believed thet under these canditions, the ground water
level of any lands lower than -- 220 feet would be so

close to the surface that it would be impossible to prevent
the vige of zlikaline ssltg.

Conclueions:

{a) Lands bordering on Saiton Sea below elevation
-~ 240 are worthless from anm egricultural point of view.
Those between elevation -~ 240 and -- 230 mre worth very
little except in the near vicinity of New and Alamo Rivers.
Lands lying between elevations -- 230 and --2Z20 are gener-
glly velueble for ferming within the boundaries of the
Imperial Irrigstion Dlstrict. Qutsice of the district, lands
at this elevetion ere not classified as erable by the
Strehorn soll survey.

(b) The Contract between the Southern Pacific Company
and the Imperisl Irrigation District, granting a flowage
right-of-way to the distriect, will be en impediment thet
will have to be removed before the irrigation district cen

waste any more water into Selton Sea than at present.

(¢) The maximum amount of storm water that may be
expected to flow into Selton Sea in & very wet yesr is
500,000 acre-feet.

(d) Under present conditions there is being wasted
1.5 acre-feet of wster annually per acre irrigeted, from the

Imperial Valley canal system. Upon the completion of the



All-smerican Cenal, conditions affecting the cperation of the
canal systems in Imperial Valley will be changed. It is not known
to what extent these changes will affect the necessity for wasting
water from the system. It is believed that the present value of
1.5 acre-feet par acre irrigated is & liberal estimate of the
amount likely to be wasted under future conditions. On this basis,
with 925,000 acres irrigated, the amount of water wasted into
Salton Sea anmually would be 1,387;000 acre-feet.

{e) In order to evaporate the emount of weter thet may
be wasted into Salton Ses under conditions of ultimate de-
velopment, an average water surfece area of 239,000 acres will
be necesszry. This corresponds to elevation --228 feet.

(f) With Salton Sea &t an aversge stage of -- 228 feet,
and the possibility alweys present of storm weter reising this
level to --225 feet, it is not likely that any lands below the

-— 220 foot contour will have any value for ggricultursl purposes.
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